Wang, Z., Magnon, G., White, S. P., Greene, R., Vaillancourt In a recent study, Wang and colleagues (2015) used a precision grip force control task 35 to unveil the contribution of feed-forward and feedback mechanisms to sensorimotor 36 dysfunction in autism spectrum disorder (ASD). Impairment of both motor control 37 mechanisms was observed, along with significant variability in the motor response. Here 38 we discuss these findings within the conceptual framework of the grasping circuit, and 39 within the broader context of clinical and research applications based on motor behavior. weaker baseline grip strength). In a task-dependent manner, participants with ASD 87 showed more variability in PGFC movements, both as they initially matched the 88 feedback bars, and as they sustained their grip over time. TD participants tended to apply 89 the right amount of initial force to smoothly align the visual feedback bars; in contrast, 90 participants with ASD applied excessive initial force, resulting in overshooting the 91 alignment. Because of the initial force overshooting, participants with ASD needed to 92 make a second release movement to complete the trial successfully, producing an overall 93 disjointed movement. Interestingly, this initial over-application of force followed by a 94 compensatory release was associated with age in both groups, with older participants 95 requiring fewer adjustments. The association with age was more pronounced in the ASD 96 group, suggesting abnormal sensorimotor learning across development. Children with 97 of both 2-and 8-second trials. 99
The movement variability observed by Wang and colleagues is consistent with a 100 series of kinematics and dynamics studies of people with ASD, involving tasks from 101 simple pointing to gait (Brincker and Torres 2013) . Across motor tasks and throughout 102 development, movement variability is consistently higher in ASD samples. In general, we 103 must be cautious when interpreting performance variability. Indeed, variability in 104 common measures (e.g., response time) may reflect domain-general weaknesses in 105 motivation or attention, and is not specific to motor performance. Despite these 106 challenges of interpretation, several lines of research suggest that movement variability in 107 ASD is at least partially independent of volition. For example, children's arm movements 108 were analyzed as they returned their arms to a resting state after pointing (Torres et al. 109 2013) . This retraction movement is as close to a non-goal-directed movement as possible, 110
and yet clear group differences in movement variability were observed, suggesting that 111 movement variability in ASD goes beyond general differences in task performance. 112
Variability within the motor hierarchy 113
Variability across groups can emerge due to dysfunctions at different levels of the 114 motor hierarchy. For instance, differences across groups can be determined by 115 differential strategies in the extraction of sensory information from the environment. The 116 processing of individual sensory features appears to be preserved in ASD, whereas tasks 117 requiring sensory judgments often reveal abnormalities, both at the level of interpretation 118 and integration (for a review, see (Gowen and Hamilton 2013) . Optimal motor behavior 119 requires a continuous interaction between afferent and efferent processes, as inputs from6 all senses are continuously updated to guide ongoing and subsequent motor plans. If 121 individuals with ASD have difficulty interpreting these sensory streams, then their motor 122 planning will be affected. As suggested by Brincker and Torres (2013) , poor integration 123 of sensory input with motor output should result in increased variability of motor 124 execution, even within a simple, repetitive motor task. This prediction is supported by 125
Wang and colleagues' findings of increased compensatory movements in ASD. 126
Climbing the motor hierarchy even further, we find that sensorimotor 127 transformations (i.e., internal models) of participants with and without ASD are different. 128
It is not surprising that the participants with ASD in Wang et al. (Wang et al. 2015) show 129 reduced ability to transform visual information (i.e., the feedback bars) into a motor plan 130 (i.e., smooth precision grip), as this is a finding consistent across tasks (Marko et al. 131
2015). 132
The increased variability and noise present during the processing of sensory 133 stimuli and conveyed to the motor outputs can also be explained in terms of motor 134 learning theories. By comparing a sensory-based experience of a motor act with a desired 135 movement, the brain can identify a very detailed gradient of error referring to a specific 136 part of the motor command, especially when considering that most movements are 137 performed in noisy dynamic environments. Therefore, and in order to be meaningful, the 138 internal model formation algorithm must be robust at least to some degree of trial-to-trial 139 variability. If it is expected that such kinematic and dynamic variability is larger during 140 childhood, the ASD population, independently of developmental stage, exceeds thisunderpinnings. Wang et al. (Wang et al. 2015) focus the explanation of their findings in 145 light of cerebellar activity. The cerebellum is a neural structure receiving projections 146 from all sensory cortices, and able to both process the timing and predict the sensory 147 consequences of action. It represents one of the main structures of the brain in which 148 sensory information and previously experienced complex patterns can be compared. Additionally, the disynaptic pathway linking cerebellum and the basal ganglia 179 suggests a direct interplay between these two regions (Bostan et al. 2010 ). The role of 180 this integrated system is to develop computational strategies to counteract the cerebellar-181 dependent noisy sensory information in input, which makes the motor output less 182 accurate and slower. In light of the fact that the role of this integrated system goes well 183 beyond the production of actions and it is extended to perceptual, conceptual, lexical, and 184 behavioral outcomes alike (Manto et al. 2012 ), it will be interesting to empirically 185 investigate how the coordinated involvement of cerebellum and basal ganglia contribute 186 to the variability of social deficits in ASD. The identification of such motor signatures can be aided by understanding the 210 individual contribution of cerebellar and fronto-striatal systems to the motor variability 211 found in ASD. Indeed, studies assessing how individuals with neurodevelopmentaldisorders with selective fronto-striatal (e.g., ADHD) or cerebellar dysfunctions perform 213 on specific motor tasks are necessary. Comorbidity of these disorders with ASD will 214 provide further insight on the specificity of the patterns of contribution of the two 215 systems. Furthermore, to prevent overgeneralization of motor variability outcomes, 216 studies including the quantitative measurement of the motor performance in ecological 217 environments and in less-selected samples of patients (i.e., high functioning children, 218 teenagers and adults) are needed. 219
Ultimately, motor signatures could be incorporated into our understanding of the 220 extreme phenotypic heterogeneity observed in ASD. Heterogeneity exists at many levels 221 in ASD, including cognitive functioning, ASD symptom severity, and comorbid 222 psychiatric and genetic syndromes. The identification of different motor signatures can be 223 seen as an additional tool to help parse this heterogeneity. For example, it might be the 224 case that characteristic motor patterns are associated with a specific subtype of ASD, 225 which may have unique underlying genetics, respond differently to treatments, and have 226 other relevant clinical features in common than have gone overlooked. 227
We believe that studies such as that of Wang et al. (Wang et al. 2015) can help 228 identify motor signatures associated with ASD, should they exist. Although the 229 identification of motor signatures is still in its infancy, some studies have paved the way 230 for an ecological investigation of motor behavior in all its complexity. Motor signatures 231 would emerge more readily when the same participants complete a large number of 232 motor behaviors, and features extracted from across these tasks can be analyzed within 233 the same models. One promising approach is that represented by the analysis of data
